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TITLE: Bone targeting potential of bisphosphonate-targeted 

liposomes 

AUTHOR{S): Hengst, V.; Oussoren, C; Kissel, T.; Storm, G. 

CORPORATE SOURCE: Department of Pharmaceutics, Utrecht Institute for 

Pharmaceutical Sciences (UIPS), University of Utrecht, 

80082, Neth. 

SOURCE: International Journal of Pharmaceutics (2007), 331{2), 

224-227 

CODEN: IJPHDE; ISSN: 0378-5173 
PUBLISHER: Elsevier Ltd. 

DOCUMENT TYPE: Journal 

LANGUAGE: English 

AB . The main constituent of bone is hydroxyapatite (HAP) . Since HAP is only 
present in 'hard' tissues like bone and teeth, it represents a promising 
target for the selective drug delivery to bone. Due to the exceptional 
affinity of bisphosphonates (BP) for HAP, cholesteryl-trisoxyethylene- 
bisphosphonic acid (CHOL-TOE-BP) , a new tailor-made BP derivative, was used as 
bone targeting moiety for liposomes. CHOL-TOE-BP-targeted liposomes were 
designed for the treatment of bone-related diseases to achieve prolonged local 
exposure to high concns . of the bioactive compds . , thereby enhancing 
therapeutic efficacy and minimizing systemic side effects. The CHOL-TOE-BP- 
targeted liposomes were characterized regarding particle size and zeta 
potential. To study the bone targeting potential of these conjugates, an in 
vitro HAP binding assay was established. The obtained binding data indicate 
that CHOL-TOE-BP is useful as targeting device for liposomal drug delivery to 
bone . 
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(Therapeutic use); BIOL (Biological study); PROC (Process); USES (Uses) 
(bisphosphonate-targeted liposomes bone targeting potential) 
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P0{0H)2 



AB Disclosed is a bisphosphonic acid derivative, RIC (XR2 ) [P ( : 0) (OH) 2 ] 2 [I; Rl = 
H, OH, Cl-6-alkyl, Cl-6-alkoxy, Cl-6-hydroxyalkyl , Cl-6-aminoalkyl , 01-6- 
haloalkyl; X = bond, Cl-20-alkylene, (CH3) m (OCR3HCH2 ) n (O) o, {CR4HCH20)p; 
{CH3)q(0CR 5HCH2 ) r (0) s {CH3 ) t ; R3 = H, Me; m = 0, 1 - 6; n = 1 - 10, especially 
1 - 6; o = 0, 1; R4 = H, CH3; p = 1 to 10, particularly 1 to 6; R5 = H, CH3; q 
= 0 , 1 to 6; r = 1 to 10, especially 1 to 6; s = 0 or 1; t = 1 to 6; R2 = R*, 
C8-22-fatty alkyl radical, fatty acid radical], their physiol. acceptable 
salts and their trimethylsilyl derivs. Thus, cholesteryl-3- 

hydroxybisphosphonic acid II was prepared from cholesterol, via 0-alkylation 
with BrCH2C02Li and reaction with P{0SiMe3)3. The inventive compound can be 
used for producing liposomal prepns. as well as medicaments utilized for the 
treatment of animals and humans (no data) • 
IT 861395-80-4P 861395-83-7P 861395-84-8P 
861395-85-9P 

RL: DGN (Diagnostic use) ; MOA (Modifier or additive use) ; SPN (Synthetic 
preparation) ; TEM (Technical or engineered material use) ; THU (Therapeutic 
use); BIOL (Biological study); PREP (Preparation); USES (Uses) 

(preparation of bisphosphonic acids for liposomal formulations) 
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CN Phosphonic acid, [ ( 3P) -cholest-5-en-3-ylhydroxymethylene] bis- (9CI) 
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CN Phosphonic acid, [2- [2- [ {3P) -cholest-5-en-3-yloxy] ethoxy] -1- 
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An efficient synthesis has been realized for several members of a new class of 
potential bone resorption inhibitors, e.g. I and II, consisting of steroidal 
estrogenic units linked at the 3 and 17 positions to a geminal bisphosphonate 
moiety through an ester linkage of variable length. The convergent synthesis 
utilizes benzyl bisphosphonates, transesterif ication, and Meldrum's acid 
chemical and has the potential to allow many estrogenic derivs . as well as 
other biol. active compds , to be coupled to the geminal bisphosphonate moiety. 
346722-67-6P 

RL: SPN (Synthetic preparation); PREP (Preparation) 

(novel synthesis of bis (phosphonic acid) -steroid conjugates) 
346722-67-6 CAPLUS 

Pregn-5-en-20-one, 3- [4, 4-bis (diethoxyphosphinyl) -1-oxobutoxy] 
(3p)- (9CI) (CA INDEX NAME) 
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R30ACH[P(0) (OR)2]2 [A- CO [NH (CHRl ) yYpCO] mNH, COZlxZqONH, (CH2 ) kZ2 (CH2 ) 1 , 
C0(CH2)n; R = H, alkyl; Rl = H, alkyl, aryl, etc.; R3 = steroid residue; Y, Z 
= 0 or NH; Zl = (substituted) vinylene; Z2 = (cyclo) alkylene, phenylene; 1, m, 
k = 0-5; n" = 0-10; p, q, x = 0 or 1; yr = 1-3] were prepared as bone 
resorption inhibitors. Thus, 17p-hydroxy-3- methoxymethoxy-1, 3, 5-estratriene 
was condensed with N,N'- carbonyldiimidazole and the product condensed with 
H2NCH2C02Me to give, after saponification, R302CNHCH2C02H (R3 = estratrienyl 
group Q; R4 = CH20Me) which was condensed with H2NCH[P{0) (0Et)2]2 to give, 
after deprotection, R302C (NH) 9CH2C0NHCH [ P (0) (OH) 2 ] 2 (R3 = Q, R4 = H) (I; q = 
1) . Similarly prepared I (q = 0) showed significant bone resorption 
inhibitory action (data given) in ovariectomized rats at 40 \xq/kg s.c./day for 
28 days. 
151869-65-7P 

RL: RCT (Reactant) ; SPN (Synthetic preparation) ; PREP (Preparation); RACT 
(Reactant or reagent) 

(preparation and reaction of, in preparation of bone resorption inhibitor) 
151869-65-7 CAPLUS 

Pregn-5-en-20-one, 3- [4— [ [bis (diethoxyphosphinyl) methyl] amino] -1, 4- 
dioxobutoxy]-, {3p)- (9CI) (CA INDEX NAME) 



Absolute stereochemistry. 
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RL: SPN (Synthetic preparation); PREP (Preparation) 
(preparation of, as bone resorption inhibitor) 
RN 151869-41-9 CAPLUS 

CN Pregn-5-en-20-one, 3- [4- [ (diphosphonomethyl) amino] -1, 4-dioxobutoxy] 
(3p)- (9CI) (CA INDEX NAME) 

Absolute stereochemistry . 
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us 2002-48469 20020207 
KR 2002-701883 20020209 
AB Compds. or their salts of general formula (I): A-B-N(0)s wherein: s is an 
integer equal to 1 or 2; A = R-T1-, wherein R is the drug radical and Tl = 
(CO)t or (X)t*, wherein X = 0, S, NRlc, Rlc is H or a linear or branched alkyl 
or a free valence, t and t* are integers and equal to zero or 1, with the 
proviso that t = 1 when t' =0; t = 0 when t*. = 1; B = -TB -X2-0- wherein TB = 
(CO) when t = 0, TB = X when t' =0, X being as above defined; X2, bivalent 
radical, is such that the precursor drug of A and the precursor of B meet 
resp. the Pharmacol, tests described in the description. Synthesis, activity 
and formulations of pharmaceutical compds. for treatment of oxidative stress 
and/or endothelial dysfunction are disclosed. The precursors are such as to 
meet the Pharmacol, test reported in the description. 
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G2 = 425-421 426-7 



G3 = 6-421 9-2 

g2 95— g (0)^4 
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AB Compds. ABC [A = residue of a hydroxy-containing steroidal hormone having 
human bone resorption-antagonist activity or bone formation-stimulatory 
activity; C = residue of an amino- or hydroxyalkyl-1, 1-bis (phosphonate) having 
human bone affinity; B = covalent linkage connecting A through the hydroxyl 
moiety and C through the amino or hydroxyl moiety, which linkage can hydrolyze 
in the human body in the vicinity of bone to release steroidal hormone A] were 
prepared for treatment of bone disorders (no data). Thus, [ (Me2CH0) 2P (0) ] 2CHR 
(I; R = H), was condensed with CH2:CHCN and the product hydrogenated to give I 
[R = {CH2)3NH2], which was condensed with 3-benzyloxy-17p- 

chlorocarbonyloxyestra-1, 3, 5 (10) - triene (preparation given) to give, after 
deprotection, title compound II. 



MSTR lA 



51_G3— §2 



Gl = 267 




13 



10/597,059 



January 4, 2008 



Derivative : 
Patent location : 



and pharmaceutically acceptable salts or esters 
claim 1 



MSTR IB 



jl G3 §2 



Gl = 507 




I! CH2— 0 



:0CH3 



Derivative : 
Patent location: 



and pharmaceutically acceptable salts or esters 
claim 1 



=> d his nofil 

(FILE 'HOME' ENTERED AT 16:20:02 ON 04 JAN 2008) 

FILE 'REGISTRY' ENTERED AT 16:20:23 ON 04 JAN 2008 
LI STR 
L2 STR 

L3 1 SEA SSS SAM LI AND L2 

D SCA 

L4 7 SEA SSS FUL LI AND L2 

FILE 'CAPLUS' ENTERED AT 16:22:18 ON 04 JAN 2008 
L5 4 SEA ABB-ON PLU=ON L4 

FILE 'MARPAT' ENTERED AT 16:22:53 ON 04 JAN 2008 

L6 50 SEA SSS SAM LI 

L7 1173 SEA SSS FUL LI 

L8 1172 SEA ABB=ON PLU=ON L7/C0M 

L9 0 SEA SUB=L7 SSS SAM L2 

LIO 4 SEA SUB=L7 SSS FUL L2 

Lll 2 SEA ABB=ON PLU=ON LIO NOT L5 

FILE 'CAPLUS' ENTERED AT 16:25:21 ON 04 JAN 2008 

D QUE L4 

FILE 'CAPLUS' ENTERED AT 16:25:57 ON 04 JAN 2008 
D QUE L5 

D L5 IBIB ABS HITSTR TOT 
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FILE 'MARPAT' ENTERED AT 16:27:15 ON 04 JAN 2008 
D QUE Lll 

D Lll IBIB ABS QHIT TOT 
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